Gene expression and characterization of 2-keto-3-deoxygluconate kinase, a key enzyme in the modified Entner-Doudoroff pathway of the aerobic and acidophilic hyperthermophile Sulfolobus tokodaii.
2-Keto-3-deoxygluconate kinase (KDGK) catalyzes the ATP-dependent phosphorylation of 2-keto-3-deoxygluconate, a key intermediate in the modified (semi-phosphorylative) Entner-Doudoroff (ED) glucose metabolic pathway. We identified the gene (ORF ID: ST2478) encoding KDGK in the hyperthermophilic archaeon Sulfolobus tokodaii based on the structure of a gene cluster in a genomic database and functionally expressed it in Escherichia coli. The expressed protein was purified from crude extract by heat treatment and two conventional column chromatography steps, and the partial amino acid sequence in the N-terminal region of the purified enzyme (MAKLIT) was identical to that obtained from the gene sequence. The purified enzyme was extremely thermostable and retained full activity after heating at 80 degrees C for 1 h. The enzyme utilized ATP or GTP, but not ADP or AMP, as a phosphoryl donor and 2-keto-3-deoxy-D-gluconate or 2-keto-D-gluconate as a phosphoryl acceptor. Divalent cations including Mg(2+), Co(2+), Ni(2+), Zn(2+) or Mn(2+) were required for activity, and the apparent Km values for KDG and ATP at 50 degrees C were 0.027 mM and 0.057 mM, respectively. The presence of KDGK means that the hyperthermophilic archaeon S. tokodaii metabolizes glucose via both modified (semi-phosphorylative) and non-phosphorylative ED pathways.